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[57] ABSTRACT 

A D-AMPS+ ccUuIar communications air interface is pre- 
sented wherein a packet data control channel and packet data 
trafi&c channel is supported in addition to the conventional 
digital control channel and digital traffic channel. In 
particular, the packet data control channel and packet data 
trafi&c channel support multiple modulation level operation 
(high versus low). Procedures are provided for mobile 
station selection, as weU as re-selection, of either the high or 
low-level modulation for the packet channels. Procedures 
are further provided for facilitating a faU-forward to the 
high-level modulation packet data control channel, or a 
faU-backward to the low-level modulation packet data con- 
trol channel with respect to both uplink and downlink packet 
data communications. 

24 Claims, 7 Drawing Sheets 
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SUPPORT OF MULTIPLE MODULATION 
LEVELS FOR A CELLULAR PACKET 
CONTROL CHANNEL 

BACKGROUND OF THE INVENTION 

1. Technical Field of the laventioQ 

The present invention relates to the air inleiface of a 
cellular telephone network and, in particular, to an air 
interface of a cellular telephone network supporling a packet 
control channel for data communications. 

2. Description of Related Art 

The TIA/EIA Interim Standard IS-136 specified air inter- 
face of the digital advanced mobile phone service 
(D-AMPS) system separates the allocated cellular frequency 
spectrum into a plurality of thirty -kilohertz channels. Each 
channel is divided into 6.67 millisecond (ms) time slots, 
with three consecutive time slots forming a time division 
multiple access (TDMA) block. The modulation scheme 
used is differential quadrature phase shift keying (DQPSK), 
a relatively low-level modulation (LLM), with one-hundred 
sixty two symbols (of two bits each) per time slot. 

Two types of channels are defined for the conventional air 
interface: the digital control channel (DCCH) and the digital 
traffic channel (DTC). The digital control channel is a 
multi-user channel that is used for controls and services such 
as registration, authentication, call set-up, and the like. The 
digital traffic channel is a circuit switched single user 
channel that is assigned at call set-up and handoff, and is 
used to handle a voice and/or data communication between 
users of the cellular system and users in a fixed or other 
cellular system. The D-AMPS standard supports full-rale, 
double-rate and triple-rate digital trafiSc channels for user 
data communications using one, two and three time slots per 
block, respectively,. 

On the downlink over the D-AMPS air interface, every 
time slot, whether used for a digital control channel or a 
digital traffic channel, carries one-hundred thirty symbols of 
user information. This equates to a transfer of two-hundred 
sixty bits of user information every twenty milliseconds. 
Thus, each slot supports a commumications rate of thirteen 
kilobits per second (kb/s). In practice, however, the actual 
information transfer rate is much less due to the inclusion of 
error protection bits. For example, voice traffic is transmitted 
over a full-rale digital traflSc channel using approximately 
five kb/s of error protection for the approximately eight kb/s 
of digitized speech provided by a vocoder. For data traffic, 
on the other hand, the transmission over a full-rate thirteen 
kb/s digital traffic channel is made with a corresponding data 
rate of 9.6 kb/s. 

The permitted data rates for voice and data communica- 
tions over the digital traffic channel may be increased if 
double-rate or triple-rate traffic channels are used. The main 
difficulty or drawback with the use of multi-slot (i.e., multi- 
rate) operation is that the mobile stations which are being 
used for the communications utilize idle digital traffic chan- 
nel time slots, where no communications over the air inter- 
face with the base station arc being made, to make mobile 
assisted handoff (MAHO) measurements of the received 
signal strength from neighboring base stations. When con- 
figured for triple-rate voice or data communications, the 
mobile station is in essence communicating continuously, 
which leaves no time for making signal strength measure- 
ments. Frame stealing, wherein the mobile station interrupts 
communication for one or more time slots to make signal 
strength measurements, has been proposed as a possible 
solution to support multi-slot, and in particular triple-rate, 
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communications. This is not a preferred solution as some 
communications data loss or interruption in communications 
continuity may occur. 
A modification of the D-AMPS system has been proposed 

5 (referred to as D-AMPS+) which would enable higher rate 
communications without the need for multi-slot operation. 
For voice communications, a high-rate vocoder is used to 
provide higher quality digitized speech, and a high-level 
modulation (HLM) scheme providing more bits per trans- 

10 milled symbol, such as sixteen level quadrature amplimde 
modulation (16-QAM), is then implemented on the digital 
traffic channel to increase the payload capable of being 
carried in each time slot. The use of high-level modulation 
is complementary to multi-slot operation to achieve the 

j5 highest capacity in a radio channel of a given bandwidth. 
High-level modulation is thus preferred for a number of 
reasons. First, it preserves network capacity. Second, it 
minimizes power consumption in the mobile station, result- 
ing in a longer talk time. Third, it facilitates conventional 

20 mobile station operation in making MAHO signal strength 
measurements during idle time slots. In summary, 
D-AMPS+ maintains the same air interface slot structure for 
circuit switched data as in D-AMPS, thus msuring backward 
compatibility, while simultaneously providing for higher 

25 throughput due to its support of a high-level modulation 
scheme. 

An enhancement of the D-AMPS system has also been 
proposed which would facilitate the support of packet data 
communications over the air interface and compatibility 

30 with the cellular digital packet data (CDPD) network. In the 
enhanced D-AMPS system, two new types of packet data 
channels are provided. The first is a packet control channel 
(PCCH) which comprises a multi-user channel much like the 
previously described digital control channel (DCCH), and 

35 also used for controls and services such as registration, 
authentication, call set-up, and the like, as well as for the 
transmission of data packets. The second is a packet traffic 
channel (PTCH) comprising a single user channel much like 
the previously described digital traffic channel (DTC), again 

40 assigned at call set-up, and used to handle a packet data 
communication between users. The structure of these chan- 
nels is very much like that of the D-AMPS channels, and the 
channels utilize the relatively low-level differential quadra- 
ture phase shift keying (DQPSK) modulation scheme. 

45 Again, multi-slot (up to three slots for triple-rate) operation 
of the channels is supported providing a maximum aggre- 
gate user payload of approximately thirty kb/s. Similar 
drawbacks as discussed above with respect to digital traffic 
channel multi-rate operation are encountered with multi-rate 

50 packet traffic channel operation. 

The D-AMPS+ system discussed briefly above further 
proposes the carrying of higher rate data communications 
without the need for multi-slot operation on the packet 
channels. It is noted that because the packet control channel 

55 is a multi-user channel, it is impractical to adapt its modu- 
lation to every accessing mobile station. Accordingly, two 
different packet control channels are defined. The first is the 
enhanced D-AMPS specified, low-level modulation (LLM), 
differenfial quadrature phase shift keying (DQPSK) packet 

60 control channel. The second is a packet channel utilizing a 
high-level modulation (HLM) scheme such" as sixteen level 
quadrature amplitude modulation (16-QAM). Similarly, a 
high-level modulation packet traffic channel is specified for 
use in additioa to the enhanced D-AMPS specified low-level 

65 modulation packet traffic channel. Mobile stations capable 
of operation using only the low-level modulation scheme 
(i.e., enhanced D-AMPS only mobiles) are assigned to use 
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the low-level modulatioD packet control channel and packet/ 
digital trafi&c channels. D-AMPS+ mobile stations, on the 
other hand, may be assigned the high-level or low-level 
modulation packet control channel and packet/digital traffic 
channels depending on channel conditions (such as S 
interference, bit error rate, word error rate, fading rate and 
the like). 

For such D-AMPS4 mobile stations, a mechanism is 
needed for effectuating the selection of and a transition of 
operation between the low-level and high-level packet 10 
control/trafiBc channels with respect to packet data commu- 
nications. The present invention provides such a mechanism 
for use in connection with the low/high-level modulation 
packet control chaimels. ^ 

SUMMARY OF THE INVENTION 

In a D-AMPS+ cellular system, the communications air 
interface supports the conventional digital control channel 
and digital traffic channel. In addition, the air interface ^ 
supports two packet data control channels (one high-level 
modulation and one low-level modulation) and two packet 
data traffic channels (again, one high-level modulation and 
one low-level modulation). 

A procedure is provided for defining idle mobile station 
operation to select the high-level modulation or a low-level 
modulation packet channels to be used for packet data 
communication. In accordance with this selection 
procedure, the mobile station attempts an access (i.e., tuning 
to, synchronizing with and reading) on the high-level modu- 
lation packet control channel. If the access is successful, and 
signal quality is sufficient over a certain measurement 
period, the high-level modulation packet channels are 
selected. Otherwise, the low-level modulation packet chan- 
nels are selected. The process for attempting high-level 
modtdation packet control channel access and monitoring 
measured quality continues while the mobile station remains 
idle for the purposes of effectuating a re-selection, as 
needed, to the high or low-level modulation packet channels. 

Apluralily of procedures are further provided for defining 4q 
system operation when a mobile station and base station are 
engaged in a data communication using the high or low- 
level modulation packet control channel. These procedures 
facilitate a fall-forward to the high-level modulation packet 
data control channel, or a fall-backward to the low-level 45 
modulation packet data control channel with respect to both 
uplink and downlink communications. 

A first one of the procedures defines the process for 
having the mobile station and base station fall-forward from 
a low-level modulation packet data control channel to a 50 
high-level modulation packet data control channel for down- 
Unk data communications. The frame re-transmission rate 
and the bit enor rate for the downlink data communications 
are monitored. If the monitored rates are acceptable over a 
minimum number of downlink data communications, a 55 
switch is made by the mobile station and base station to 
continue downlink data communications using the high- 
level modulation packet data control channel. 

A second one of the procedures defines the process for 
having the mobile station and base station fall-forward from 60 
a low-level modulation packet data control channel to a 
high-level modulation packet data control channel for uplink 
data communications. The frame re-transmission rate and 
the bit error rale for the uphnk data communications are 
monitored. If the monitored rates are acceptable over a 65 
minimum number of uplink data commuaications, a switch 
is made by the mobile station and base station to continue 



4 

uplink data communications using the high-level modula- 
tion packet data control channel. 

A third one of the procedures defines the process for 
having the mobile station and base station fall-backward 
from a high-level modulation packet data control channel to 
a low-level modulation packet data control channel for 
downlink data communications. In response to an unsuc- 
cessful downlink data conamunication on the high-level 
modulation packet data control channel, a retransmission is 
attempted. If a threshold number of retransmissions are 
attempted without success, the base station switches to 
communicate using the low-level modulation packet data 
control channeL In the meantime, the mobile station waits 
for a downlink data communication. With every received 
downlink data communication, a timer is reset. If the timer 
expires before a next downlink communication is received, 
the mobile station switches to receive further communica- 
tions from the base station over the low-level modulation 
packet data control channel. 

A fourth one of the procedures defines the process for 
having the mobile station and base station fall-backward 
from a high-level modulation packet data control channel to 
a low-level modulation packet data control channel for 
uplink data communications. In response to an unsuccessful 
uplink data communication on the high-level modulation 
packet data control channel, a retransmission is attempted. If 
a threshold number of retransmissions arc attempted without 
success, the mobile station switches to communicate using 
the low-level modulation packet data control channel. 

BRIEF DESCRIPnON OF THE DRAWINGS 

A more complete understanding of the method and appa- 
ratus of the present invention may be acquired by reference 
to the following Detailed Description when taken in con- 
junction with the accompanying Drawings wherein: 

FIGS. lA to IC are block diagrams illustrating the chan- 
nel content of the air interface in a digital advanced mobile 
phone service (D-AMPS) system, an enhanced D-AMPS 
system, and a D-AMPS+ system, respectively; 

FIGS. 2Aand 2B are state transition diagrams illustrating 
D-AMPS+ mobile station operation using low-level modu- 
lation or high-level modulation for packet control channel 
communications; 

FIG. 3 is a flow diagram illustrating the process for 
D-AMPS+ mobile station selection and re-selection of a 
packet control channel; 

FIG. 4 is a flow diagram illustrating, in the context of an 
ongoing downlink packet control channel data 
communication, D-AMPS+ system operation to perform a 
fall-forward operation; 

FIG. 5 is a flow diagram illustrating, in the context of an 
ongoing uplink packet control channel data communication, 
D-AMPS+ system operation to perform a fall-fonvard 
operation; 

FIG. 6 is a flow diagram illustrating, in the context of an 
ongoing downlink packet control channel data 
communication, D-AMPS+ system operation to perform a 
fall-backward operation; and 

FIG. 7 is a flow diagram illustrating, in the context of an 
ongoing uplink packet control channel data communication, 
D-AMPS+ system operation to perform a fafl-backward 
operation. 

DETAILED DESCRIPTION OF THE DRAWINGS 
Reference is now made to FTC. lA wherein there is shown 
a block diagram illustrating the channel content of the air 
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interface 10 in a digital advanced mobile phone service 
(D-AMPS) system 12. The air interface 10 supports radio 
frequency voice and data communications betwrccn a mobile 
station 14 and a base station 16 (also referred to as a base 
station/mobile switching ccntcr/intcnvorking xmit (BMI)). s 
Other components of the D-AMPS system 12 (like a base 
station controfler, mobile switdiing center, home/visitor 
location center, and the like) are known to those skilled in 
the art, and are not shown in order to simplify the illustra- 
tion. The D-AMPS system 12 air interface 10 conventionally jo 
supports two types of channels: the digital control channel 
(DCCH) 20 and the digital traffic channel (DTC) 22. The 
digital control channel 20 is a multi-user channel that is used 
for controls and services such as registration, authentication, 
call set-up, and the like. The digital trafiSc channel 22 is a 15 
single user channel that is assigned at call set-up and 
handoff, and is used to handle a voice and/or data commu- 
nication between users. A relatively low-level modulation 
(LLM) scheme comprising dififerenlial quadrature phase 
shift keying (DQPSK) is used for communicating over either 20 
the digital control channel 20 or the digital traffic channel 22 
(with one slot used for voice, and up to three slots used for 
data). 

Reference is now made to FIG. IB wherein there is shown 
a block diagram illustrating the channel content of the air 25 
interface 30 in an enhanced D-AMPS system 32. The air 
interface 30 supports radio frequency voice and data com- 
munications between a conventional D-AMPS mobile sta- 
tion 14 and/or a mobile station 34 and a base station 36 (also 
referred to as a base station/mobile switching center/ 30 
interworking unit (BMI)). Other components of the 
enhanced D-AMPS system 32 (like a base station controller, 
mobile switching center, home/visitor location center, and 
the like) are known to those skOled in the art, and are not 
shown in order to simpUfy the illustration. The enhanced 3s 
D-AMPS system 32 air interface 30 supports the conven- 
tional D-AMPS channels comprising the digital control 
channel (DCCH) 20 and the digital traffic channel (DTC) 22 
(described above), as well as a packet control channel 
(PCCH) 40 and a packet traffic channel (PTCH) 42. The 40 
packet control channel 40 is a multi-user channel that is used 
for controls and services such as registration, authentication, 
call set-up, and the like, and is further used for the trans- 
mission of data packets. The packet traffic channel 42 is a 
single user charmel that may be allocated for use when 45 
packet data transmission is needed and then used to handle 
a packet data communication between users. As with the 
conventional D-AMPS channels 20 and 22, the structure of 
the enhanced packet control and packet traffic channels 40 
and 42 utilizes a relatively low-level modulation (LLM) 50 
scheme comprising differential quadrature phase shift key- 
ing (DQPSK). 

Reference is now made to FIG. IC wherein there is shown 
a block diagram illustrating the channel content of the air 
interface 50 in a D-AMPS+ system 52. The air interface 50 55 
supports radio frequency voice and data communications 
between a conventional D-AMPS mobile station 14, a 
mobile station 34 and/or a D-AMPS+ mobile station 54 and 
a base station 56 (also referred to as a base station/mobile 
switching centcr/intcrworking unit (BMI)). Other compo- 60 
nents of the D-AMPS+ system 52 (like a base station 
controller, mobile switching center, home/visitor location 
center, and the like) are known to those skilled in the art, and 
are not shown in order to simplify the illustration. The 
D-AMPS+ system 52 air interface 50 supports the conven- 65 
tional D-AMPS channels comprisiag the low-level modu- 
lation digital control channel (DCCH) 20 and the low-level 
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modulation digital traffic channel (DTC) 22 (described 
above), and the enhanced D-AMPS low-level modulation 
(LLM) packet control channel (PCCH) 40 and low-level 
modulation packet traffic channel (PTCH) 42 (as described 
above), as well as a packet control channel (PCCH) 60, a 
packet traffic channel (PTCH) 62 and a digital traffic channel 
(DTC) 64. The packet control channel 60 is a multi-user 
channel that is used for controls and services such as 
registration, authentication, call set-up, and the like, and is 
also used for packet data transmissions. The packet traffic 
channel 62 is a single user charmel that may be allocated for 
use when packet data transmission is needed and then used 
to handle a packet data communication between users. The 
digital traffic channel 64 is also a multi-user channel that is 
circuit switched and used for voice communications 
between users. Unlike the conventional D-AMPS or 
enhanced D-AMPS channels 20, 22, 40 and 42. the structure 
of the D-AMPS+ packet control and packet traffic channels 
60 and 62, and digital traffic channel 64, utilizes a relatively 
high-level modulation (HLM) scheme comprising, for 
instance, sixteen level quadrature amplitude modulation 
(16-QAM) or eight level phase shift keying (8-PSK). 

A mobile station capable of operation using only the 
low-level modulation (LLM) scheme (comprising, for 
example, the conventional D-AMPS mobile station 14 or the 
enhanced D-AMPS mobile station 34), uses only the low- 
level modulation for communications over the digital con- 
trol channel 20, digital traffic channel 22, packet control 
channel 40 or packet traffic channel 42. A D-AMPS+ mobile 
station 54, on the other hand, may selectively utilize either 
low-level modulation or high-level modulation. For com- 
munications using the digital control channel 20, only low- 
level modulation is supported by the air interface 50 and 
hence is used by the mobile station 54 and base station 56. 
For communications over either the packet control channels 
40 or 60 or packet traffic channels 42 or 62, or the digital 
traffic channels 22 or 64, however, both low-level modula- 
tion and high-level modulation is supported by the air 
interface 50. Thus, the mobile station 54 and/or base station 
56 may selectively choose, and if necessary switch among 
and between, low-level modulation and high-level modula- 
tion for its packet data communications depending on a 
number of factors including channel conditions (such as 
interference, bit error rate, word error rate, fading rate and 
the like). 

In any event, operation of the system using the high-level 
modulation for data communications (uplink or downlink, 
control or traffic, circuit or packet) is preferred because of its 
inherent relative efficiencies and better performance. The 
high-level modulation scheme requires a higher channel 
quality though and is thus more sensitive to channel degra- 
dation and mobile station speed. Accordingly, appropriate 
procedures must be implemented to give preference to 
operation in high-level modulation, while at the same time 
supporting low-level modulation operation, and dynamic 
change between low and high, when channel conditions so 
warrant. 

Reference is now made to FIGS. 2Aand 2B wherem there 
is shown a state transition diagram illustrating D-AMPS+ 
mobile station 54 and base station 56 operation using 
low-level modulation or high-level modulation for packet 
channel 40, 42, 60 or 62 communications. Referring first to 
FIG. 2 A, the procedure assumes that the mobile station 54 
is in idle mode, and starts with the mobile station selecting 
70 low-level modulation 41 using the packet control channel 
(PCCH-LLM) 40 and packet traffic channel (PTCH-LLM) 
42 or selecting 72 high-level modulation 61 using the packet 
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control channel (PCCH-HLM) 60 or packet traffic channel 
(PTCH-HLM) 62. Assuming now thai the mobile station 54 
has selected 70 or 72 either low-level modulation 41 or 
high-level modulation 61, while continuing operation in idle 
mode the mobile station may engage in a re-sclcction 74 to 5 
the other one of the modulations 41 or 61 if conditions, such 
as channel quality, so warrant. 

Referring next to FIG. 2B, it is now assumed that a packet 
control channel data communication is underway (on either 
the uplink or the downlink) between the mobile station 54 10 
and the base station 56. If the communication currently 
utilizes the low-level modulation 41 packet control channel 
40, a fall-forward state change 76^^ (downlink) or 76u 
(uplink) in the event channel quality is good may occur 
switching mobile station 54 and base station 56 operation 15 
with respect to continued data communication to the high- 
level modulation 61 packet control channel 60. 
Alternatively, if the communication utilizes the high-level 
modulation 61 packet control channel 60, a fall-backward 
state change 7Sd (downlink) or 78u (upUnk) in the event 20 
channel quality degrades may occur switching mobile sta- 
tion 54 and base station 56 operation to the low-level 
modulation 41 packet control channel 40. with respect to any 
given uplink or downlink packet control channel data 
communication, the packet data communication between the 25 
mobile station 54 and base station 56 may fall-backward 76 
or fall-forward 78 between low-level modulation 41 and 
high-level modulation 61 as often as is necessary (within 
certain operator specified constraints) in view of conditions, 
such as channel quality, to insure efiScient and effective data 30 
commimication. 

Reference is now made to FIG. 3 wherein there is shown 
a flow diagram illustrating the process for D-AMPS4 mobile 
station 54 selection 70 or 72 and re-selection 74 of low-level 
modulation 41 or high-level modulation 61, respectively, as 35 
in FIG. 2A. In step 90, the mobile station 54 tries to access 
(i.e., tune to, synchronize with and read) the high-level 
modulation packet control channel (PCCH-HLM) 60. If this 
access is successful, as determined by decision step 92, the 
mobile station 54 makes a downlink signal quality measure- 
ment on the high-level modulation packet control channel 60 
(step 94). Optionally, at or about the same time, the mobile 
station may transmit uplink on the high-level modulation 
packet control chaimel 60 to enable the base station 56 to 
make an uplink signal quality measurement (step 96). These 45 
base station 56 measurements, if made, are then reported 
back to the mobile station 54. The quality characteristics 
measured by the mobile station 54 (and optionally the base 
station 56) include: signal strength, bit error rate, word error 
rate, fading rate and carrier-to-interference ratio. A determi- 50 
nation is then made in decision step 98 as to whether the 
signal quality uplink and downlink is sufficient for packet 
data communications. If either the access of step 90 was 
unsuccessful (see, step 92), or the determined signal quality 



communications (see, step 98), the counter Cj is incre- 
mented in step 106. A determination is then made in decision 
step 108 as whether the counter Cj value exceeds a certain 
counter threshold. If the counter C^ does not exceed the 
threshold, low-level modulation 41 operation is assigned 
using the packet control channel 40 and packet traffic 
channel 42 in step 102. Again, if the mobile station 54 has 
just previously been assigned to the high-level modulation 
61 mode (i.e., this is a re-selection 74), the assignment of 
step 102 involves the exchange of messages with the base 
station 56 to effectuate and confirm the re-selection 74. The 
process then returns in step 104 back to step 90 to repeat the 
entne procedure again. If, instead, the counter C^ does 
exceed the threshold (see, step 108), operation in high-level 
modulation 61 mode using packet control diannel 60 and 
packet traffic channel 62 is assigned for selection 72 or 
re-selection 74 in step 110. If the mobile station 54 has just 
previously been assigned to the low-level modulatioo 41 
mode (i.e., this is a re-selection 74), the assignment of step 
110 involves the exchange of messages with the base station 
56 to effectuate and confirm the re-selection 74. The process 
then returns in step 104 back to step 90 to repeat the entire 
procedure over again. 

In packet control or traffic data communications, a single 
transaction relating to a data communication involves the 
transmission of a plurality of packets. Each individual 
packet forms a single OSl model layer 3 message. Trans- 
mission of that single layer 3 message requires the use of a 
plurality of OSI model layer 2 frames. If a low-level 
30 modulatioo (LLM) scheme such as differential quadrature 
phase shift keying PQPSK) is used, a certain number x of 
layer 2 frames are needed for each single layer 3 message. 
If, on the other hand, a high-level modulation (HUvf) 
scheme such as sixteen level quadrature amplitude modu- 
35 lation (16-QAM) is used, a certain number y of layer 2 
frames (wherein y<x) are needed for each single layer 3 
message. In instances where a layer 3 message is sent in 
high-level modulation using y layer 2 frames, delivery fails, 
and a decision is then made to use low-level modulation, the 
40 layer 3 message must be rcsegmented into the x layer 2 
frames and completely resent in low-level modulation. A 
complete retransmission is required because the beginnings 
and ends of the x and y individual layer 2 frames comprising 
the layer 3 message do not necessarily correspond with each 
other. This is valid for both uplink and downlink transmis- 
sions. 

Reference is now made to FIG. 4 wherein there is shown 
a flow diagram illustrating, in the context of an ongoing 
downlink packet control channel data communication, 
D-AMPS+ system operation to perform a fall-forward 
operation 76d of FIG. 2B. In step 130, the base station 56 
(also referred to as a base station/mobile switching center/ 
interworking unit (BMl)) consecutively sends a plurality of 
frames 132 within a given layer 3 message over the low- 



uplink or downlink is insufficient for packet data commu- 55 level modulation packet control channel (PCCH-LLM) 40, 
nications (see, step 98), a counter C^ is reset in step 100. ' ^'^ 

Operation in low-level modulation 41 mode using the packet 
control channel (PCCH-LLM) 40 and packet traffic channel 
(PTCH-LLM) 42 is then assigned for selection 70 or 
re-sclcction 74 in step 102. If the mobile station 54 has just 
previously been assigned to the high-level modulation 61 
mode (i.e., this is a re-selection 74), the assignment of step 
102 involves the exchange of messages with the base station 
56 to effectuate and confirm the re-selection 74. The process 
then returns in step 104 back to step 90 to repeat the entire 
procedure over again. If, alternatively, the determined signal 
quality upUnk and downlink is sufficient for packet data 



and then polls 134 the mobile station 54 regarding the 
success of the transmission. If the sent plurality of frames 
were not correctly received (as determined in step 136) by 
the mobile station 54, the mobile station u-ansmits a status 
"Not OK" message 138 to the base station 56 back over the 
low-level modulation packet control chaimel 40. If the base 
station 56 receives the status "Not OK" message 138, 
indicative of failed mobile station reception of one or more 
of the plurality of frames 132, or if no message 138 is 
received at all, a counter Cq^^ is reset in step 140. The 
procedure then returns to rcsend 130 the incorrectly received 
ones of the frames 132. If, on the other hand, the sent 
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pluraUty of frames were correctly received (as determined in in decision step 184, If the counter does not meet or 
step 136) by the mobile station 54, the mobile staUoo exceed the threshold, the procedure returns to send 170 a 
transmits a status "OK" message 142 to the base station 56 next frame 172 within the given layer 3 message. It. 
back over the low-level modulation packet control channel however, the counter C^^ does meet or exceed the threshold, 
40 The status "OK^' message 142 farther includes a value 5 a dctemiination is made m decision step 186 as to whether 
mdicative of the average biferror rate on the downlink for the lasllayer 3 message was sent completely (i-e. have a^l 
the previously sent 130 plurality of frames 132. If the base of the frames of the message been sent and received). If not 
station 56 receives the status "OK^ message 142, indicative the procedure returns to step 130 to send the remainder o 
of correct transmission and reception of the plurality of the frames withm that layer 3 message. If so. on the odier 
frames 132, a counter Cok ^ incremented in step 144. The lo hand, the procedure then determines in decision step 188 
counterC^Listhencomparedtoathresholdindecisionstep whether the number of frames N m the layer 3 messages 
146. If thf counter C^x does not meet or exceed the remaining to be transmitted to the base station meets or 
threshold as detemiined instep 146, the procedure returns to exceeds a certam mmmium, f not the procedure remms t^^ 
send 130 a next pluraHty of frames 132 within the given or send 170 a remaimng plurahty of frames 172 withm the 
another layer 3 message If, however, the counter C^, does 15 remaining layer 3 messages. If, however, the remaimng 
meet or exceed the threshold, a determinaUon is made in number of frames ineets or exu^eds the mmimum the 
decisionstepl47astowhetherthelastlayer3messagewas mobile station switches to hi^-level ^^^dauo^^^^^^^ 
sent completely (i.e., have all of the frames of the message control channel 60 m step 190 and sends a fall-forward 
been sent and received). If not, the procedure returns to step command message 192 to the base station 56 using low- 
130 to send the remainder of the frames within the layer 3 20 level modulation. This command ^ then acknowledged m 
message. If so, on the other hand, the procedure then step 194 by the base station 56 with an appropriate message 
determines in decision step 148 whether the number of 196, In response to the message 192 Uie base staUon 
frames N in the one or more layer 3 messages remaining to switches to the high^evel inodulaUon packet contra 
be transmitted to the mobile sUtion is less than a certain (^CCH-HIM) 60 in step 198^Tlie mobile staU- 54 then 
minimum. Ifso, the procedure returns to send 130aremain- 25 sends 199 a next frame o the base station 56 over the 
ine plurality of frames 132 within the remaining layer 3 high-level modulation packet control channel 60. 
messages. If, however, the remaining number of frames Although FIGS. 4 and 5 Qlustrate procedures for fall- 
meets or exceeds the minimum, a determination is made in forward with respect to a downlink and an uphnk packet data 
step 150 as to whether the average bit error rate (BER) communication, respectively, it will, of course, be under- 
reported in the status "OK" message 142 is less than a given 30 stood that alternatively the fall-forward process may be 
threshold If not, the procedure returns to send 130 a effectuated through the use of the re-selection 74 procedure 
remaining plurality of frames 132 within the remaining layer of FIG. 3. In such cases, operation lo low-level modulation 
3 messages If however, the average bit error rate is less 41 would continue untU the packet data communication 
than the given' threshold, the base station 56 sends a faU- terminated and the mobile station re-entered idle mode. At 
forward command message 152 to the mobUe station 54 35 that point, the re-selection 74 and change to high-level 
using low-level modulation. This command is then acknowl- modulation 61 may take place. 

edged in step 154 by the mobile station 54 with an appro- Reference is now made to FIG. 6 wherein there is shown 
priate message 156. In response to the acknowledgment a flow diagram illustrating, in the context of an ongoing 
message 156, the base station switches to the high-level downlink packet control channel data communication, 
modulation picket control channel (PCCH-HLM) 60 in step 40 D-AMPS+ system operation to perform a faU-backward 
158, and begins consecutively sending 160 a next plurality operation 7Sd as in FIG. 2B. Id step 200, the base station 56 
of frames 162 within the remaining layer 3 messages using (also referred to as a base station/mobUe switching center/ 
the high-level modulation scheme. In the meantime, the interworking unit (BMI)) consecutively sends a plurality 
mobile station 54 has also switched to the high-level modu- (certain number) of frames 202 within a given layer 3 
lation packet control channel 60 in step 164, and is awaiting 45 message over the high-level modulation packet control 
reception of the base sUtion 56 packet data transmissions. channel (PCCH-HLM) 60, and then poUs 203 the mobUe 
Reference is now made to FIG. 5 wherein there is shown station 54 regarding the success of the transmission. In the 
a flow diagram illustrating, in the context of an ongoing meantime, a mobile station is awaitmg reception of the 
uplink packet control channel data communication, frames, resets and starts a timer T^ m step 204. A comparison 
D-AMPS+ system operation to perform a faU-forward 50 ofthe timer T^ value to a time out value is then made m step 
operation 76u as in FIG. 2B. In step 170, the mobile station 206. If the timer value is less than the tune out value the 
54 sends a single frame 172 within a given layer 3 message mobile station 54 continues to wait m step 208 for the base 
over the low-level modulation packet control channel stationtransmission200of the pluraUty of frames 202. If the 
(PCCH-LLM) 40 In response to a correct reception of the frames 202 are subsequently received 210 before the timer 
transmitted frame 172, the base station 56 (also referred to 55 T^ exceeds the time out value, and the frames are correctly 
as a base station/mobile switching center/interworking unit received as determined m decision step 212, the mobile 
(BMO ) transmits a shared channel feedback status "OK" station responds to the polling message 203 with a status 
message 174 back to the mobile station 54 over the low-level "OK" message 214 sent back to the base station 56 over the 
modulation packet control channel 40. Otherwise, a shared high-level modulation packet control channel 60. A deter- 
channel feedback status "Not OK^* message 176 is sent. If 60 mination is then made in step 216 as to whether more frames 
the mobUe staUon 54 receives the status "Not OK" message are expected to be received. If so, the mobile staUon pro- 
176 or fails to receive any status message, as determined by ccdure returns to reset the value of the timer T^ in step 204. 
decision step 178, this is indicative of an incorrect reception Otherwise, the procedure ends in step 218. If, however, any 
of the frame 172. A counter Cok is then reset in step 180. one of the sent pluraUty of frames was not correctly received 
The procedure then returns to step 170 to resend the incor- 65 by the mobile sUtion 54 as determined in step 212, the 
rectly received frame. Otherwise, the counter is incremented mobile staUon transmits a status "Not OK" message 220 
in step 182 The counter Cox is then compared to a threshold back to the base station 56 over the high-level modulaUon 
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packet control channel 60. The procedure fiinher returns to 
await re-transmission of those frames, and the value of the 
timer Tj is reset in step 204. If the timer Tj exceeds the time 
out value before receiving an expected frame or frames, the 
mobile station 54 switches to the low-level modulation s 
packet control channel (PCTH-LLM) 40 in step 222, and 
waits for base station 56 low-level modulation frame trans- 
mission. Any necessary actions may also be taken at that 
time to account for the reformatting of the layer 3 message 
for low-level modulation transmission. For example, if only 
a portion of a given layer 3 message was successfully 
received, it will have to be completely retransmitted, and 
thus the mobile station may dispose of the previously 
received portion. 

In response to receipt of the status "OK" message 214, the 15 
base station procedure returns to send 200 a next plurality of 
frames 202 within another layer 3 message. If the base 
station 56 instead receives the status "Not OK" message 
220, or fails to receive any message from the mobile station 
at all, a failure of the communication is assumed. A counter 20 
Cji is incremented in step 224, and compared to a threshold 
in step 226. If the counter value is less than the threshold, 
the base station 56 returns to resend 200 the incorrectly 
received ones of the previously sent plurality of frames 202. 
If a status "OK" message 214 is thereafter received by the 25 
base station 56, the counter is reset in step 228, and the 
procedure returns to send 200 a next plurality of frames 202 
within another layer 3 message. If the counter value 
meets or exceeds the threshold, the base station 56 starts a 
timer T2 in step 230, and switches to the low-level modu- 30 
lation packet control channel 40 in step 232. The value of the 
timer is set to give the mobile station 54 a sufi&cient 
opportunity to make the switch over to the low-level modu- 
lation packet control channel 40 (see, step 222). When the 
timer expires as determined in step 234, the base station 35 
56 reformats 236 the failed layer 3 message for low-level 
modulation transmission and sends 238 (step 130 of FIG. 4) 
the plurality of frames thereof over the low-level modulation 
packet control channel 40. 

Reference is now made to FIG. 7 wherein there is shown 40 
a flow diagram illustrating, in the context of an ongoing 
uplink packet control channel data communication, 
D-AMPS+ system operation to perform a fall-backward 
operation 78u. In step 240, the mobile station 54 sends a 
single frame 242 within a given layer 3 message over the 45 
high-level modulation packet control channel (PCCH-HLM) 
60. In response to a correct reception of the transmitted 
frame 242, the base station 56 (also referred to as a base 
station/mobile switching center interworking (BMI) unit) 
transmits a shared channel feedback status "OK" message 50 
244 back to the mobile station 54 over the high-level 
modulation packet control channel 60. The mobile station 
then sends a next single frame 242 within the given layer 3 
message to the base station 56. If the frame 242 is not 
received correctly, the base station 56 transmits a shared 55 
channel feedback status "Not OK" message 246 back to the 
mobile station 54. In response thereto, or in response to a 
failure to receive the shared channel feedback status mes- 
sage 244 or 246, a counter is incremented by the mobile 
station 54 in step 248, and compared to a threshold in step 60 
250. If the counter does not meet or exceed the threshold, 
the procedure returns to resend 240 the incorrectly trans- 
mitted and received frame 242. If the frame 242 should 
thereafter be correaly received, and a shared channel feed- 
back status "OK" message 244 is received by the mobile 65 
station 54, the counter is reset in step 252. When the 
counter Cj^ meets or exceeds the threshold, the mobile 
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station 54 switches to the low-level modulation packet 
control channel (PCCH-LLM) 40 in step 254. The layer 3 
message is then reformatted in step 256 for low-level 
modulation transmission. The procedure then sends 258 a 
frame 260 of the reformatted message over the low-level 
modulation packet control channel 40. The base station 56 
then waits to receive the low-level modulation frame trans- 
mission. Any necessary actions may also be taken by the 
base station at that time to account for the reformatting of the 
layer 3 message for low-level modulation transmission. For 
example, if only a portion of a given layer 3 message was 
successfully received in high-level modulation, it will have 
to be completely retransmitted, and thus the base station may 
dispose of any previously received portion. 

Although preferred embodiments of the method and appa- 
ratus of the present invention have been illustrated in the 
accompanying Drawings and described in the foregoing 
Detailed Description, it will be understood that the invention 
is not limited to the embodiments disclosed, but is capable 
of numerous rearrangements, modifications and substitu- 
tions without departing from the spirit of the invention as set 
forth and defined by the following claims. 
What is claimed is: 

1. In a mobile communications system having an air 
interface supporting a low-level modidation packet control 
channel and packet traffic channel and farther supporting a 
high-level modulation packet control channel and packet 
traffic channel, a method for packet channel selection by an 
idle mobile station, comprising the steps of: 

attempting to access the high-level modulation packet 

control channel; 
if the access is successful, measuring communications 
quality on the high-level modulation packet control 
channel; 

determining if the measured communications quafity is 

suflBcient for data communications; and 
if so, assigning the high-level modulation packet control 
channel and the high level modulation packet traffic 
channel as the selected padcet channels for the mobile 
station. 

2. The method as in claim 1 wherein the step of measuring 
communications quality comprises the step of measuring 
both uplink and downlink communications quality. 

3. The method as in claim 1 wherein the step of deter- 
mining if the measured commimications quality is sufficient 
further includes the step of confirming a continuity of 
sufficient measured communications quality before assign- 
ing the high-level modulation packet control channel and 
packet traffic channel as the selected packet channels for the 
mobile station. 

4. The method as in claim 1 wherein the step of assigning 
the high-level modulation packet control channel and packet 
traffic channel as the selected packet channels for the mobile 
station further comprises the step of exchanging messages 
with a base station confirming selection of the high-level 
modulation packet channels. 

5. The method as in claim 1 further including the step of 
assigning the low-level modulation packet control channel 
and packet traffic chaimel as the selected packet channels for 
the mobile station if either: the access of the high-level 
modulation packet control channel is unsuccessful; or the 
determined measured communications quality is insuffi- 
cient. 

6. The method as in claim 1 fiirther comprising the step of 
repeating the steps of claim 1 foUowmg an initial selection 
of either the high-level modulation packet channels or the 
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low-level modulation packet channels to perform a 
re-selection of either the high-level modulation packet chan- 
nels or the low-level modulation packet channels. 

7. In a mobile commimications system having an air 
interface supporting a low-level modulation packet control 5 
channel and a high-level modulation packet control channel, 
a method for downlink packet control channel data commu- 
nications fall-forward, comprising the steps of: 

downlink sending of a plurality of communications 

frames over the low-level modulation packet control lO 

channel; 

responsive to a correct reception of the sent plurality of 
communications frames, incrementing a counter; 

comparing the counter to a threshold; 

downlink sending of a command to switch to the high- 
level modulation packet control channel if the counter 
meets or exceeds the threshold; 

switching to the high-level modulation packet control 
channel; and ^ 

downlink sending of a plurality of communications 
frames over the high-level modulation packet control 
channel. 

8. The method as in claim 7 further including the step of 
confirming sufficient communications quality for data com- 25 
munications before sending the command to switch to the 
high-level modulation packet control channel. 

9. The method as in claim 8 wherein the communications 
frames are a portion of a message, and further including the 
step of checking if the message has been completely sent 30 
before sending the command to switch to the high-level 
modulation packet control channel. 

10. The method as in claim 9 wherein the message is a 
part of a communications transaction, and further including 
the step of identifymg a number of frames remaining for ^- 
transmission in the transaction. 

11. The method as in claim 10 further including the step 
of continuing transmission of the plurality of communica- 
tions frames over the low-level modulation packet control 
channel if either: the counter does not meet or exceed the 
threshold; the commimications quality is insufficient; the 
message has not been completely sent; or the number of 
frames is less than a threshold. 

12. In a mobile communications system having an air 
interface supporting a low-level modulation packet control 
channel and a high-level modulation packet control channel, 
a method for uplink packet control channel data communi- 
cations fall-forward, comprising the steps of: 

uplink sending of a communications frame over the 
low-level modulation packet control channel; 

responsive to a correct reception of the sent communica- 
tions frame, incrementing a counter; 

comparing the counter to a threshold; 

switching to the high-level modulation packet control 55 
channel if the counter meets or exceeds the Oireshold; 
and 

uplink sendmg of a communications frame over the 
high-level modulation packet control channel. 

13. The method as in claim 12 further including the step 60 
of attempting a retransmission of the communications frame 
over the low-level modulation packet control channel if the 
counter does not meet or exceed the threshold. 

14. The method as in claim 12 wherein the communica- 
tions frame is a portion of a message, and the step of uplink 65 
sending over the high-level modulatioa packet control chan- 
nel comprises the step of sending the message. 



15. The method as in claim 12 wherein the communica- 
Uons frame is a portion of a message, and further including 
the step of checking if the message has been completely sent 
before switching to the high-level modulation packet control 
channel. 

16. The method as in claim 15 wherein the message is a 
part of a communications transaction, and further including 
the steps of; 

identifying a number of frames remaining for transmis- 
sion in the transaction; and 
switching to the high level modulation packet control 
chaimel is the number exceeds a threshold. 

17. In a mobile commtmications system having an air 
interface supporting a low-level modulation packet control 
channel and a high-level modulation packet control channel, 
a meUiod for downlink packet control channel data commu- 
nications fall-backward, comprising the steps of: 

dowohnk sending of a plurality of communications 
frames over the high-level modulation packet control 
charmcl; 

responsive to an incorrect reception of the sent plurality of 

communications frames, incrementing a counter, 
comparing the counter to a threshold; 
switching for transmission to the low-level modulation 
packet control channel if the counter meets or exceeds 
the tiireshold; and 
downlink sending of a plurality of communications 
frames over the low-level modulation packet control 
' channel. 

18. The meUiod as in claim 17 further including the step 
of attempting a retransmission of the plurality of commu- 
nications frames over the high-level modulation packet 
control channel if the counter docs not meet or exceed the 

' threshold. 

19. The method as in claim 17 further including the steps 

of: 

starting a timer; 

waiting for reception of the plurality of commimications 
frames; 

determining if the timer has timed out without receiving 

any frames; and 
switching to the low-level modulation packet control 
channel if the timer has timed out. 

20. The method as in claim 19 wherein: 
the steps of claim 17 are performed by an origination 

source of the plurality of communications frames sent 
on the downtink; and 
the steps of claim 19 are performed by a reception 
destination of the plurality of communications frames 
sent on the downlink. 

21. The method as in claim 17 wherein the plurality of 
communications frames are a portion of a message, and the 
step of downlink sending over the low-level modtUation 
packet control channel comprises tiie step of resending the 
message. 

22. In a mobile communications system having an air 
interface supporting a low-level modulation packet control 
channel and a high-level modulation packet control channel, 
a method for uplink packet control channel data communi- 
cations fall-backward, comprising the steps of: 

uplink sending of a conmiunications frame over the 

high-level modulation packet control channel; 
responsive to a incorrect reception of the sent communi- 
cations frame, incrementing a counter; 
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comparing the counter to a threshold; 

switching to the low-level modulation packet control 

channel if the counter meets or exceeds the threshold; 

and 

uplink sending of a communications frame over the 

low-level modulation packet control channel. 
23 The method as in claim 22 further including the step 
of attempting a retransmission of the communicaUons trame 
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over the high-level modulation packet control channel if the 
counter does not meet or exceed the threshold 

24 The method as in claim 22 wherein the commumca- 
Uons frame is a portion of a message, and the step of uphnk 
sending over the low-level modulalioa packet control chan- 
nel comprises the step of resending the message. 
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